Ultrastructural studies of the guinea pig tympanic membrane failed to reveal specific morphological features that could be associated with migration. A staining method was used to study epithelial migration on 68 normal guinea pig tympanic membranes. A very predictable migratory pattern emerged which was neither influenced by perforation or ventilating tube insertion. Clinical studies in children on 61 normal tympanic membranes revealed a rapid migration which was unchanged by middle ear effusion. A centrifugal pattern of migration was observed in relation to the 23 chronic perforations studied. The kinetics of epithelium in relation to 41 ventilating tubes and in 23 retraction pockets is described.
Introduction
A thin, pliable tympanic membrane and a hollow ear canal are essential in a terrestrial lifestyle. If the epithelium of the ear canal were to desquamate in the manner similar to that elsewhere on the integument, this tube would soon be filled with epithelial debris. Fortunately, the meatus has an intricate self-cleansing mechanism which has been attributed to the ability of its epithelial cells to migrate spontaneously in a lateral manner rather than being desquamated in situ (Blake 1882 , Stinson 1936 . This present study represents an ultrastructural study of tympanic epithelium, an experimental animal study of process and, finally, some clinical observations on normal and pathological tympanic membranes.
Methods

Ultrastructural study
The tympanic membranes of 7 albino guinea pigs were used. From each bulla the entire tympanic membrane attached to a rim of bone was excised and immediately placed in fixative. Following dehydration, the membranes were prepared for thin section and scanning electron microscopy.
Experimental animal study Guinea pig tympanic membranes were used, and epithelial cell motion was studied by an ink-dot staining technique (Stinson 1936) . The marker used was gentian violet 1% in spirit. Using an operating microscope on the anaesthetized animal, discrete stains were randomly placed on 68 normal tympanic membranes. Markers were also placed in relation to 182 perforations as well as on 49 membranes following ventilating tube (VT) insertion.
Clinical study
Epithelial migration was observed on 61 normal tympanic membranes of children between the ages of three and twelve years as well as on membranes following acute perforation (41 (19). The process was also studied on membranes with chronic perforations (23) and in retraction pockets (20) . The ink-dot staining method described above was used in all instances.
Results
The ultrastructural study did not reveal any special features associated with migrating epithelial cells. Apart from the absence of appendages on tympanic epithelium, it was otherwise indistinguishable from the non-migrating epithelium occurring elsewhere on the integument. The guinea pig tympanic membrane was an excellent model for the study of epithelial cell motion (O'Donoghue 1983) . The overall pattern was from inferior to superior and occurred with remarkable constancy; the stains were usually carried off the drumheads between three and five days. Following acute perforation, the general pattern of migration was undisturbed and the healing process did not result in any special deployment of cells towards the wound edge. Likewise, VTs were extruded without any special demands on the migratory process. In one instance cholesteatoma was observed following ventilating tube insertion. In children, migration occurred with great rapidity (mean rate of migration was 131 gm/day) and there was a distinct tendency for posterosuperior migration to occur. A middle ear effusion did not influence the migratory characteristics, and the changes following ventilating tube insertion and acute perforation were similar to those observed in the guinea pig model. When stains were applied in relation to chronic perforations, a centrifugal pattern of migration was always observed. Retraction pockets displayed marked disturbance of their epithelial cell kinetics. In these formations, there was marked diffusion of stains following their application, they frequently remained motionless from 2 to 4 weeks, and required up to 11 weeks to be cleared.
Discussion
A number of morphological features have been demonstrated in association with migrating epithelial cells during wound healing. Some of these cells possess pseudopods which can drag cells in particular directions (Croft & Tarin 1970) . They also have relatively few desmosomes which facilitate their release from one another. The inability to demonstrate any such features in spontaneously migrating tympanic epithelial cells provides the stimulus for further research in this area. Biochemical and hormonal influences on cell motion will also need to be considered. The studies of migration on the guinea pig tympanic membrane reveal how little wound healing influences migration, a result which is in sharp contrast with the suggestions of Clawson & Litton (1971) . The four-fold accumulation of epithelium at the wound edge is more likely, as stated by McMinn & Taylor (1966) , to be due to mitosis rather than migration. The cholesteatoma formation in one case following ventilating tube insertion is noteworthy in view of the clinical reports of such an occurrence (Gundersen & Tonning 1976) . However, bearing in mind the frequency with which VTs are inserted - Bluestone (1982) has stated that approximately one million children in the United States receive such tubes per annumone would expect more convincing clinical results if this relationship were truly causal.
Migrationon the tympanic membrane of children occurred with greater rapidity than on adult tympanic membranes. This may be the manifestation of the accelerated biologicalactivities typically associated with growth. The concept that VT expulsion may be attributable to epithelial migration is not supported by this study. It is more likely that the extrusion process is effected by the fibres of the connective tissue layer of the tympanic membrane. The 'migration theory of cholesteatoma' suggests that the migration of epithelial cells in the middle ear may be responsible for the pathogenesis of cholesteatoma. Migration in this direction has not been observed in this study nor, indeed, has it ever been demonstrated (Sade 1978) . The disordered pattern of migration in retraction pockets suggests that the natural history of these formations may be profoundly influenced by the dynamics of their epithelial cells. Thus, many may have no pathological significance and bear observation only. The time-sequential clinicopathological study advocated by Sade (1978) should clarify the significance of retraction pockets.
